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n the United States, the recent rise in income inequality suggests that a larger proportion of the population faces poverty and economic difficulties. 1 In addition, although most individuals experience some sort of income change, 2, 3 income volatility has been on the rise and has reached a record high level since 1980. 4, 5 Income volatility is generally considered to be a sudden and unpredictable change in income over time, and most often it consists of declines in income. 6 The rise in income volatility is especially true for low-income households who experience a significant number of income drops that exceed 25% of their average income 7 and presents a growing public health problem.
Income volatility may have pervasive effects on health, potentially mediated by behavioral changes, psychological stress, or access to medical care. Increasing evidence suggests that income volatility is associated with an array of unfavorable health outcomes, including worse mental health, overall health quality, and all-cause mortality. [8] [9] [10] [11] Income volatility may also play a role in acute or chronic health outcomes. For example, low-income patients with chronic diseases may give up medications and medical visits to cope with unexpected financial instability, resulting in increased risk of disease, including heart attack and stroke. 6, 12 Although income volatility and other longitudinal conceptualizations of income have gained recognition in medical research on the social determinants of health, 6 in many epidemiological studies, income is measured at a single point in time in the life course rather than repeatedly over time. 13, 14 The CARDIA study (Coronary Artery Risk Development in Young Adults) has collected longitudinal income data on a multisite population-based sample of white or black adults since the early 1990s, which makes it well suited for assessing the volatility of income over an influential time in the life course and how it relates to incident cardiovascular disease (CVD) and all-cause mortality in a relatively young cohort. In addition, this study allows us to examine income patterns during a period of the formative earning years in participants' lives (age, 30-45 years), rather than examining earnings later in life when CVD risk factors may be more proximal. In this study, we aim to examine the relationship of income volatility and frequency of income drops from 1990 to 2005 with incident CVD and all-cause mortality over the subsequent 10 years.
METHODS
The data, analytical methods, and study materials can be been made available to other researchers who apply to the CARDIA Publications and Presentations Subcommittee for purposes of reproducing the results or replicating the procedure.
Study Population
CARDIA is an ongoing prospective cohort study of the determinants of CVD. In 1985 to 1986, 5115 adults were recruited from 4 field centers in Birmingham, AL; Minneapolis, MN; Chicago, IL; and Oakland, CA. Recruitment was approximately balanced within center by sex, age (18-24 versus 25-32 years), race (black, white), and education (less than or high school versus greater than high school). Enrollees were asked to participate in a baseline examination and then 8 follow-up examinations over 30 years. On study enrollment, participants agreed to be contacted every 6 months to ascertain vital status and to update contact information and yearly to ascertain certain CVD outcomes. Standardized protocols were used to gather demographic, socioeconomic, and clinical data at each follow-up visit. Details of the study protocol have been described elsewhere. 15 Appropriate informed consent was obtained from each study participant. The study was approved annually by the institutional review boards from each field center and the coordinating center. Going forward, we refer to each CARDIA follow-up visits by the calendar year in which it began. The majority of the participants were reexamined at each visit, with >70% examined at year 30.
Measurement of Economic Predictors Between 1990 and 2005
During CARDIA examinations at years 1990, 1992, 1995, 2000, and 2005 , pretax household income for the past 12 months from all sources was self-reported and recorded in the following prespecified income brackets: $0 to $2500, $2500
Clinical Perspective
What Is New?
• From young adulthood through midlife, most individuals experience at least some increases in income, with almost half experiencing at least some decreases in income.
• Income volatility (or fluctuating income) is more common among individuals who experience drops in income.
• Income volatility and income drops throughout young adulthood are associated with an increased risk of cardiovascular disease and all-cause mortality.
What Are the Clinical Implications?
• Individuals experiencing income volatility may be at increased risk of cardiovascular disease and may subsequently be a high-priority group for cardiovascular disease screening and interventions in a clinical setting.
• It is likely that there are specific psychosocial and biological pathways through which income volatility is associated with cardiovascular disease and premature mortality.
• Further research should focus on better understanding these pathways so that modifiable preventive targets can be identified. 
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to $8500, $8500 to $14 000, $14 000 to $20 500, $20 500 to $30 000, $30 000 to $42 500, $42 500 to $62 500, $62 500 to $75 000, and $75 000 and higher. The income category midpoint was chosen as the participant's income for each given examination year. 16, 17 All incomes in the top (highest) open-ended bracket were coded as $75 000.
Primary Economic Predictors Income Volatility
To account for inflation between 1990 and 2005, we deflated all nominal dollars into real 1990 dollars using the consumer price index for each corresponding year. 18 We defined income volatility as the intraindividual SD of the percent change in inflation-adjusted income from 1990 to 2005. 4 To do so, we calculated, for each participant, the percent change in inflation-adjusted income between every 2 consecutive examination years as [(Y t2 −Y t1 )/0.5(Y t1 +Y t2 )]×100, where Y=income and t=time. If a participant was missing an income measure for a given examination year, the income measure at the next available visit was used. Then, for each participant, we calculated the SD of those percent changes. Income volatility, in percentage points, was then categorized into tertiles of low volatility (SD, 0%-21% change), medium volatility (SD, 22%-51% change), and high volatility (SD, 52%-242% change).
Number of Income Drops
Because volatility may capture both positive and negative income changes, we also measured the number of income drops. An income drop was defined as a decrease of ≥25% in income compared with the income at the previous study visit and less than the participant's average income from 1990 to 2005. Given that inflation alone could result in a 25% income drop for some categories but not others, for this measure, we did not adjust income for inflation. The number of those drops between 1990 and 2005 (range, 0-3) was the predictor of interest and was categorized into 0, 1, or ≥2 drops.
Secondary Economic Predictors Income Trajectory
To help further distinguish the directionality of income volatility (ie, positive, negative, or both), we created an income trajectory measure with 4 mutually exclusive groups corresponding to income measures from 1990 to 2005: (1) no income changes, (2) at least 1 income increase with no decreases, (3) fluctuating income (at least 1 income increase and decrease), or (4) at least 1 income decrease with no increases. Income trajectory groups 1 and 2 (no income change/increase only) were then combined because of the small sample size of the group with no income change.
Large Income Changes
To characterize absolute changes in income and to examine large income changes, we created a measure of large income changes, which we defined as an income drop (decrease) or income jump (increase) from the prior visit that was greater than $20 000. We chose $20 000 because it was a minimal threshold value that defined at least a 2-categoryincome change at any income level. For example, at the lowest income, a $20 000 increase represents a 3-categoryincome jump; at higher income categories, this represents a 2-category-income jump. Large income changes was then categorized into 4 mutually exclusive groups: (1) no large income changes, (2) at least 1 large income increase with no large decrease, (3) large fluctuating income (at least 1 large income increase and decrease), or (4) at least 1 large income decrease with no large increase.
Measurement of Outcomes Between 2005 and 2015

Cardiovascular Disease
Fatal and nonfatal CVD events related to coronary heart disease, cerebrovascular disease, and other heart or vascular diseases, specifically fatal and nonfatal myocardial infarction, acute coronary syndrome, stroke, transient ischemic attack, hospitalization for heart failure, intervention for peripheral arterial disease, or death from cardiovascular causes, were included.
All-Cause Mortality
If a participant could not be contacted, study personnel reviewed several databases, including the National Death Index, to obtain the vital status of a study participant, in addition to contacting friends and family members. If a participant was identified as deceased, study personnel requested death certificates and/or autopsy reports, which were reviewed by the end points committee.
Possible events were obtained through collection of study participants' medical records (ie, hospital discharge summaries, hospital stay International Classification of Disease codes, and documents for specific cases such as chest pain and possible myocardial infarction) and death certificates. Records were first reviewed by a nurse reviewer/abstractor to rule out obvious non-CVD or death events. Any potential events recorded during this step were then forwarded to an adjudication panel of CARDIA study physicians for verification, according to the CARDIA study manual of operations.
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Incident CVD (fatal and nonfatal) and death events were ascertained through August 31, 2015.
Measurement of Other Covariates
At baseline in 1990, all CARDIA participants reported age at enrollment, race, sex, years of education completed, employment status (unemployed versus employed), number of individuals living in the household, marital status, and health insurance status (not collected until 1992). Also at baseline in 1990, smoking status (defined as never, current, and former), alcohol consumption (yes/no), and physical activity were ascertained by interview at each study examination. Total physical activity in exercise units was calculated from reports of the amount of time per week spent in 13 categories of physical activity over the past year. Symptoms of depression were assessed with the 20-item Center for Epidemiological Studies Depression Scale (score range, 0-60). 20 Blood pressure was measured in participants while seated with a mercury sphygmomanometer. Glucose levels (not collected until 1992 and measured in milligrams per deciliter), total cholesterol (milligrams per deciliter), and high-density lipoprotein cholesterol (milligrams per deciliter) were measured from fasting blood draws. Body mass index was calculated as weight in kilograms divided by height in meters squared (kilograms per meter squared). 
Statistical Analysis
At least 3 of 5 possible income measurements between 1990 and 2005 were required for inclusion in the analytical sample, and a total of 4033 participants met this criteria. For the CVD analysis, we further excluded individuals censored (n=41) or with a CVD event (n=79) before 2005. For the mortality analysis, we further excluded 65 participants who died before the 2005 visit. A total of 3977 participants were included in either the CVD (n=3913) or the mortality (n=3968) analysis, and we presented their baseline characteristics in 1990 across categories of income volatility and number of income drops.
We calculated incidence density rates of CVD and all-cause mortality (per 1000 person-years) by category of economic predictor. We also graphically illustrated the risk (cumulative incidence) of CVD and all-cause mortality by category of economic predictor. The excess risk of CVD or all-cause mortality was defined as the risk difference among those with medium or high volatility (versus low volatility) and among those with 1 or ≥2 income drops (versus no drops).
Participants contributed observed time at risk beginning July 1, 2005. Time was considered as study year, and accordingly, an entry point (year 2005) and an ending point (year of a CVD event or death or censoring) were modeled. Participants without a CVD event or death by the end of study period were right censored at the latest known 2015 examination date. After verifying that the proportional hazards assumption was met, we used a series of 4 Cox proportional hazards models to estimate the risk of CVD or mortality according to our primary economic predictors (income volatility and number of income drops). Model 1 was 
RESULTS
Participants with high income volatility were more likely to be black and female; to have less than a high school education; to be unemployed, unmarried, and current smokers; and to have elevated depressive symptoms (Table 1) . Similar distributions were observed across categories of income drops. Adults with the highest income volatility were more likely to have more income drops, fluctuating income trajectories, and large fluctuating income changes (Table I in the online-only Data Supplement).
A total of 106 incident CVD events and 164 deaths occurred between 2005 and 2015 for an overall CVD and death incidence rate of 2.76 and 3.66 per 1000 patient-years at risk, respectively ( Table 2 ). The incidence rates for CVD and all-cause mortality were higher (P for trends <0.01) with higher income volatility and greater number of income drops. For example, the incidence rate of death was >2 times higher among individuals with high income volatility (incidence rate, 5.28 per 1000 patient-years) compared with low income volatility (incidence rate, 2.12 per 1000 patient-years; P for trend <0.01).
From fully adjusted Cox proportional hazards models, those with high versus low income volatility had significantly greater hazard of CVD (hazard ratio [HR], 2.07; 95% CI, 1.10-3.90) and all-cause mortality (HR, 1.78; 95% CI, 1.03-3.09; Table 3 ). Similarly, compared with participants with 0 income drops, those with ≥2 income drops had significantly greater hazard of CVD (HR, 2.54; 95% CI, 1.24-5.19) and all-cause mortality (HR, 1.92; 95% CI, 1.07-3.44). Results from a sensitivity analysis adjusting for cumulative measures (from 1990-2005) of time-varying covariates were similar (Table II in the online-only Data Supplement).
Excess risks of CVD and all-cause mortality associated with categories of income volatility and income drops are presented in Figure 1 . Compared with those with low income volatility or no income drops, there was a 3.48% and 6.05% excess risk of death events among those with high income volatility or with ≥2 income drops, respectively. Similar patterns were observed with CVD risk. (Figure 2A and 2B) and worse overall survival ( Figure 2C and 2D) .
Results from the sensitivity analysis using the secondary economic predictors (Table III in 
DISCUSSION
Our findings support strong associations of income volatility and income drops with incident CVD and allcause mortality in a relatively young cohort of white and black adults. Compared with low volatility or no income drops, high volatility or ≥2 income drops over 15 years was associated with a 2-fold risk of CVD and death in the subsequent 10 years. Our findings were consistent across our measures of overall income volatility and negative volatility, conceptualized as income drops. Our findings also reveal a clear graded relationship such that risk of CVD and all-cause mortality was greater with increased exposure to economic adversity, after accounting for multiple socioeconomic factors and cardiovascular risk factors. Taken together, these findings suggest that income volatility and income drops experienced in early to mid-adulthood 
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are important independent predictors of CVD risk and overall mortality. There are several pathways by which income volatility influences health outcomes. First, volatility implies episodes of lower income. In the present study, individuals in the highest volatility group indeed had the lowest baseline income. Low income is associated with an array of unhealthy behaviors [22] [23] [24] [25] such as alcohol use, smoking, and inadequate physical activity, which can act as mediating factors for CVD and all-cause mortality. Furthermore, the protective benefit of social networks or coping resources 26 developed by people with persistently low income, although the amount of such benefit may be arguable, 27 may not be available to individuals with unpredictable and episodic low income. Stress is another mediating factor implicated in the relationship between income volatility and adverse health outcomes. 28 For example, adverse health outcomes among individuals who experienced negative wealth shocks during the Great Depression were found to be at least partially mediated by C-reactive protein, 29 a measure of inflammation 30 that is also associated with stress. 31 Furthermore, income volatility has been shown to be associated with increases in blood pressure, 29 which can also be induced by stress, 32 all of which are associated with CVD 28,33 and mortality. 34, 35 Although income volatility has previously received limited attention, there is growing evidence that it is associated with health outcomes. For example, a measure of the frequency of significant downward drops in income over a 10-year period was associated with psychological depression. 8 A similar measure of downward volatility was found to be associated with decreased overall mental health scores in an Australian population. 10 In a sample of adults living in Sweden, All models are adjusted for 1990: age, sex, race, less than a high school education, marital status, number of people in the household, study site, body mass index, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, smoking, alcohol use, physical activity, elevated depressive symptoms, income, unemployment status, and 1992 fasting glucose and health insurance status. A, Adjusted survival curve for the association between income volatility and CVD. B, Adjusted survival curve for the association between the number of income drops and CVD. C, Adjusted survival curve for the association between income volatility and all-cause mortality. D, Adjusted survival curve for the association between the number of income drops and all-cause mortality.
Circulation. ORIGINAL RESEARCH ARTICLE income decreases over a 5-year period were associated with a general measure of self-reported poor health. 9 In addition, downward income volatility measured in drops over 5 years was associated with allcause mortality in a US sample from the Panel Study of Income Dynamics. 11 More recently, in a representative sample of US adults ≥50 years of age from the HRS (Health and Retirement Study), a loss of 75% of net worth over a 2-year period was found to be associated with an increased risk of all-cause mortality. 36 Our study findings add to those from the HRS study in a number of ways. First, compared with 25% of the HRS population experiencing a 75% loss of net worth, income volatility (our primary predictor of interest) is more common and is likely representative of habitual changes in income, especially among young adults. For example, in our study sample, >95% of participants had at least 1 income change (positive or negative), with at least 47% having at least 1 negative decrease. Furthermore, our analysis focused on longer-term volatility rather than short-term shocks. Finally, the mean age of our study population was considerably younger, which enabled us to study the association of income volatility in young adulthood, a period of peak earning years, with CVD and premature mortality in midlife.
However, there are some notable limitations. First, although the sample included participants from 4 different cities and both blacks and whites, additional research is needed to assess the associations of income volatility and health among other racial/ethnic groups as well as rural Americans. Furthermore, during our event follow-up time (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , most of our sample was still relatively young at 45 to 60 years of age; therefore, we were underpowered to test for important interactions by sex, race, or baseline socioeconomic status (given the relatively small number of CVD and mortality events). In addition, reverse causation may limit the interpretation of our findings. Any chronic conditions or illnesses may theoretically result in or precipitate income changes. In an attempt to address this issue, we conducted a sensitivity analysis adjusting for cumulative covariates throughout the 1990 to 2005 income assessment period, and results were similar. The measurement of income in brackets rather than discreet numbers presents a major limitation and may have resulted in misclassification of our exposure and a loss of precision. For example, large income changes within income brackets were not detected. Likewise, small income changes occurring close to bracket thresholds could be detected as income category changes. Despite this, on average, such misclassification is likely to be nondifferentially distributed across the study population; therefore, any potential impact on the effect size estimates would be biased toward the null. Finally, we acknowledge that income volatility in itself (as the SD of percent income change) is on a relative scale and does not differentiate between positive and negative volatility. To address this pitfall, we conducted a series of additional analyses. First, our analysis of income trajectories, to address directionality of income volatility, showed that compared with an income that did not change or only increased over 15 years, fluctuating income (income that both increased and decreased) was associated with increased risk of CVD. These results are in line with our main income volatility result. Second, in our analysis of large income changes, a measure of large ($20 000) absolute changes in income, we found that compared with no large income changes, having at least 1 large decrease in income over the study period was associated with a >3-fold hazard of CVD and a >2-fold hazard of all-cause mortality.
Despite these limitations, this study has several strengths and contributes to scarce literature on the relationship between income volatility and CVD and allcause mortality in several ways. First, we built on previous literature by using recent income data in a young and biracial cohort. The repeated income data in the CARDIA study population (from as early as young adulthood) provide a unique opportunity to capture cumulative socioeconomic status and to reflect on how such economic instability influences health. Second, with a long follow-up period for both exposure (15 years) and outcome (10 years), this study allowed us to assess a 25-year period of these participants' lives at an age when most adults are in the workforce. Third, we were able to preserve clear temporal order by using income volatility during the first 15 years of follow-up to predict CVD and mortality in the subsequent decade. Fourth, although it is possible that other socioeconomic, behavioral, and CVD risk factors could have influenced our results, our findings were only moderately attenuated after adjustment for some pertinent behavioral and cardiovascular risk factors cumulatively from 1990 to 2005. Finally, because the CARDIA study focuses specifically on CVD risks, the outcome adjudication process was designed to ensure the accuracy of outcome ascertainment.
CONCLUSIONS
The findings of this study reinforce the urgency and growing public health threat associated with income volatility in the United States. Our findings show that high versus low income volatility from 1990 through 2005 is associated with a nearly 2-fold risk of CVD and all-cause mortality in the subsequent 10 years. Given the current economic environment of increasing income instability, 4-6 understanding how income volatil-
